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Spatial  orientation  is  currently  a  topic  of  interest  in  both 
visual  and  tactual  form  perception  research.  One  focal  point  is  the  com¬ 
parison  of  the  effects  of  spatial  orientation  on  the  visual  and  tactual 
recognition  of  pattern.  While  the  absolute  orientation  of  the  stimulus 
has  been  shown  to  effect  visual  identification  performance  (Fitts, 

Weinstein,  Rappaport,  Anderson,  &  Leonard,  1956)  similar  effects  have  not 
been  demonstrated  for  the  tactual  modality  For  example,  Fitts,  et  al . 

(1956)  found  that  metric  figures  oriented  vertically  resulted  in  faster 
recognition  times  than  the  same  figures  oriented  horizontally  However, 

Warm  and  Foulke  (1968)  found  little  effect  of  absolute  orientation  on 

tactual  recognition  of  metric  dot  patterns  The  dot  patterns  were  presented 

in  four  different  orientations  (0,  90,  180,  270  degrees)  in  a  match  to 

sample  recognition  task.  The  absolute  orientation  of  the  figures  had  no 

effect  on  tactual  recognition  accuracy  or  latency  In  addition,  Pick,  Klein 

and  Pick  (1966)  found  that  when  a  form  and  its  reversal  were  placed  next  to 

each  other  for  visual  inspection  that  both  sighted  children  and  adults  consistently 

chose  one  of  the  stimuli  as  being  upside  down.  However,  when  these  same  pairs 

of  stimuli  were  presented  tactually,  to  both  blind  and  sighted  Ss ,  there  was  no 

consistency  in  orientation  identifications. 

However,  relative  orientation  has  been  shown  to  degrade  recognition 
performance  for  both  visual  (Hake,  1966;  Howard  &  Templeton,  1966;  Michels 
&  Zusne ,  1965;  Woodring  &  Al 1 ui si ,  1966)  and  tactual  (Warm,  Clark,  &  Foulke, 
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Abstract 

The  effects  of  stimulus  complexity  (3-,  4-,  and  5-sided  figures) 
and  degree  of  rotation  (90,  180,  270)  on  tactual  figural  orientation 
performance  was  investigated  with  72  blind  children  in  grades  two,  four, 
six,  and  eight-  The  S_s  in  all  grade  levels  were  able  to  orient  tactual 
figures  at  above  chance  levels  with  accuracy  of  performance  increasing 
significantly  as  grade  level  increased.  Complexity  and  degree  of  rotation 
had  no  effect  on  accuracy  of  performance,  but  increasing  levels  of  complexity 
significantly  increased  task  time.  The  overall  quality  of  performance  was 
poor  and  the  results  are  discussed  in  terms  of  orientation  as  a  cue  in 
tactual  perception. 
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1970)  recognition  performance  In  these  studies  it  has  been  found  that 
stimuli  are  recognized  more  accurately  and/or  quickly  when  both  target 
and  choice  figures  are  presented  in  the  same  orientation  than  when 
presented  in  different  orientations. 

Other  research  in  tactual  form  perception  has  focused  on  the 
complexity  of  stimulus  figures  and  its  effect  on  recognition  and  dis¬ 
crimination  performance  Studies  by  Foulke  and  Warm  (1967),  Owen  and  Brown 
(1970),  and  Warm,  Clark  and  Foulke  (1970)  have  shown  that  variations  in  the 
complexity  of  tactual  metric  figures  have  orderly  quantitative  effects  on 
both  tactual  discrimination  and  recognition  performance. 

The  present  study  was  conducted  to  determine  if  blind  children 
of  different  grade  levels  were  able  to  reorient  tactual  figures  given  in¬ 
formation  regarding  a  stimulus’  original  orientation.  In  addition,  the 
complexity  of  the  stimuli  was  varied  over  three  levels  to  determine  if 
complexity  affects  orientation  performance  in  ways  similar  to  those  ob¬ 
tained  in  tactual  discrimination  and  recognition  experiments  - 

In  this  experiment  the  Ss  were  presented  with  stimuli  in  a  fixed 
orientation  tor  "unlimited"  free  exploration  Following  an  inspection 
period  the  stimulus  was  rotated  90,  180,  or  270  degrees  The  Ss  were  then 
asked  to  reorient  the  figure  to  its  original  orientation 


Method 


Subjects 

The  Ss  were  72  braille  readers  enrolled  in  schools  for  the  blind 
Eighteen  Ss  from  each  of  grades  two,  four,  six,  and  eight  participated  in 
the  study  The  means  and  standard  deviations  for  the  ages  within  each  grade 
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are  as  follows:  Grades  Two  x_  age  -  9  04,  SD  -  1  19;  Grade  Four,  x  age  -  10.94; 
SD  -  1  09;  Grade  Six,  x  age  -  14.19,  SD.  =  1  96;  Grade  Eight,  x  age  =  16  46, 

SD  -  1  72  The  schools  participating  in  this  research  were  the  Georgia 
Academy  for  the  Blind,  Lavelle  School  for  the  Blind,  Tennessee  School  for  the 
Blind,  and  the  West  Virginia  School  tor  the  Blind 

Materials 

Three  sets  of  metric  figures  were  constructed  from  three  levels  of 
complexity  Metnc  figures  are  constructed  by  specific  rules  as  detailed 
by  Alluisi  (1960),  Baker  and  A 1 1 u i s i  (1962),  and  Fitts,  et  al .  (1956). 

The  metric  figures  employed  here  were  constructed  by  drawing  circles  having 
3,  4,  and  5  equally  spaced  radii,  respectively  The  radn  were  then  divided 
into  3,  4,  and  5  equal  segments,  respectively  Then,  using  a  table  of  random 
numbers,  radial  heights  were  sampled  and  these  points  were  connected  to 
form  geometric  shapes  having  three,  tour,  and  five  sides  which  constituted 
the  three  levels  of  complexity  See  Figure  1  for  examples  of  the  metric 
figures  employed  Ten  geometric  shapes  from  each  level  of  complexity  were 
used  Nine  of  the  10  shanes  had  one  or  more  unequal  sides  while  one  figure 
from  each  complexity  level  was  equal -sided,  thus  forming  a  perfect  triangle, 
a  perfect  square,  and  a  perfect  hexagon  Each  shape  was  constructed  by 
inscribing  the  shape  within  the  bounds  of  a  circle  having  a  radius  of  1  3/4 
inches  resulting  in  figures  which  had  a  maximum  diameter  of  3  1/2  inches. 

The  figures  were  presented  on  a  circular  board  which  had  a  rotatable  wheel 
in  the  center.  The  rotatable  wheel  had  a  radius  of  four  inches  and  the 
circular  board  had  a  radius  of  eight  inches-  Around  the  outer  edge  of  the 
rotatable  wheel,  afixed  to  the  circular  board,  was  a  scale  which  measured 
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the  amount  of  rotation  in  degrees  See  Figure  2  for  a  schematic  representation 
of  the  apparatus.  This  apparatus  was  secured  to  a  table  top  by  using  suction 
cups  on  the  bottom  of  the  circular  boa^d. 

Insert  figures  1  and  2  about  here 


Experimental  Design 

The  design  consisted  of  four  variables  which  included  grade  levels, 
experimental  and  control  conditions,  complexity,  and  degree  of  orientation 
The  effect  of  grade  level  was  a  between-subjects  variable  while  the  effects 
due  to  the  experimental  vs.  control  conditions,  complexity,  and  degree  of 
rotation  were  within-subjects  variables  For  each  session,  for  each 
complexity  level,  each  was  given  12  trials  which  consisted  of  reorienting 
each  of  the  nine  geoemtric  forms  having  unequal  sides  (experimental  condition) 
and  three  trials  reorienting  the  equal -sided  figures  (control  condition).  The 
order  of  presenting  the  three  levels  of  complexity  was  blocked  and  counter¬ 
balanced  so  that  a  given  S_  was  presented  with  one  of  the  six  possible  permuted 
orders  of  the  three  levels  of  complexity-  An  equal  number  of  Ss  was  assigned 
randomly  to  each  of  the  six  orders  The  equal-sided  control  figures  were 
randomly  interspersed  between  successive  trials  of  the  experimental  figures 
except  for  the  restriction  that  no  control  figure  was  given  first  wthin  any 
block  and  no  two  control  figures  followed  each  other  successively. 

Procedure 

At  the  beginning  of  each  session  the  Ss  were  given  three  practice 
trials  to  familiarize  them  with  the  task  Each  S  was  told  that  he  would 
be  presented  with  a  shape  on  a  round  wheel  and  that  he  had  to  inspect  the 
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shape  and  remember  its  location.  The  £_  then  turned  the  wheel  around  and 
asked  to  return  the  shape  to  its  original  position-  Each  S_  was  also 
informed  that  the  E_ was  timing  each  trial  to  determine  how  quickly  he  could 
inspect  the  figure  and  how  quickly  he  could  return  the  figure  to  its  original 
position  Each  trial  consisted  of  presenting  one  shape  on  the  rotatable 
wheel  for  inspection,  as  soon  as  the  removed  his  hands,  the  wheel  was 
rotated  a  predetermined  number  of  degrees  (90,  180,  270)-  The  S_ was  then 
asked  to  return  the  figure  to  its  original  position  by  rotating  the  shape. 

For  both  the  inspection  phase  and  the  reorientation  phase,  latency  was 
measured  from  the  time  the  S_  placed  his  hands  on  the  shape  to  the  time  he 
removed  them.  The  amount  of  error  was  measured  from  absolute  zero  to  the 
nearest  degree. 


Results 

Every  S  participated  in  both  an  experimental  condition  in  which 
he  was  asked  to  reorient  unequal -sided  figures  and  a  control  condition 
in  which  he  was  asked  to  reorient  equal -sided  figures.  The  mean  level  of 
accuracy  and  the  standard  deviations  in  degrees  of  error  as  a  function 
of  grade  level  fo*  both  the  experimental  and  control  conditions  are  shwon 
in  Table  1-  Also  shown  in  Table  1  is  the  theoretical  baseline  tor  re¬ 
orienting  tactual  figures  it  it  is  assumed  either  that  the  Ss  had  no  ability 
to  reorient  the  figures  O'  it  there  were  no  cues  with  which  to  orient  the 
figures 

Insert  Table  1  about  here 

Given  these  assumptions  the  expectation  is  that  the  Ss  would  show  an 
average  error  of  90  degrees-  As  shown  in  Table  1  the  mean  error  of  the  control 
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condition  approximated  the  theoretical  baseline.  One  main  question  was 
whether  Ss  at  each  grade  level  could  reorient  figures  at  better  than 
chance  levels.  To  answer  this  question  a-priori  t_  tests  for  simple  main 
effects  were  performed  comparing  each  S's  performance  in  the  experimental 
condition  with  his  performance  in  the  control  condition  using  the  MS_  error 
for  conditions  X  subjects/groups  as  the  error  term.  All  of  the  comparisons 
of  the  experimental  conditions  with  the  control  conditions  for  grades  two, 
four,  six,  and  eight  were  s’gnificant  (MS_  error  -  243  31  ;  df_  =  1  ,  68; 

2.  01 ) .  The  respective  t_  values  were:  3  43,  8  01  ,  8  61  ,  1 0  20 

A  separate  analysis  of  variance  was  performed  on  the  accuracy 
data  only  for  the  experimental  condition  m  order  to  evaluate  the  effects 
due  to  grade  level,  complexity,  and  degree  of  orientation  of  the  tactual 
figures  on  orientation  performance  The  only  significant  effect  was 
differences  between  grade  levels  (£_  -  9  19;  df  -  3,  68;  2  01)  which  showed 

that  performance  improved  steadily  from  grades  two  through  eight  The 
complexity  and  absolute  orientation  ot  the  tactual  figures  and  all  other 
interactions  had  no  etfect  on  the  orientation  performance  A  summary  of  the 
analysis  of  variance  is  shown  in  Table  2 

Insert  Table  2  about  here 


Analysis  of  variance  were  performed  on  reciprocals  of  the  latency 
data  using  only  the  experimental  conditions-  One  analysis  was  performed  on 
the  inspection  phase  data  and  a  separate  analysis  was  performed  on  the 
reorientation  test  phase  Separate  analyses  were  performed  because  the  task 
for  inspection  consisted  of  an  exploration  of  the  tactual  figure  while  during 
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the  test  phase  the  S  not  only  had  to  explore  the  figure,  but  also  was 
required  to  rotate  the  figure  back  to  its  original  position.  Thus  to 
compare  the  performance  of  these  two  phases  in  terms  of  task  time  would 
have  been  misleading  since  the  conditions  were  not  comparable. 

The  analysis  for  the  inspection  phase  showed  that  complexity  had 
a  significant  effect  on  task  time  (.£  =  19.98;  df_  -  2,  136;  £_  <  ,01).  As 
shown  in  Table  3  as  complexity  increased  task  time  increased.  The  least 
complex  figures  resulted  in  the  fastest  task  time  while  the  most  complex 
figures  resulted  in  the  longest  task  time  with  figures  of  intermediate 
complexity  falling  between  these  two  No  other  variables  or  their  inter¬ 
actions  were  significant  A  summary  of  the  analysis  of  variance  is  shown 
in  Table  4. 

Insert  tables  3  and  4  about  here 


A  three  way  analysis  of  variance  was  performed  on  the  reciprocals 
of  the  latency  data  for  the  reorientation  test  phase  This  analysis  showed 
that  complexity  had  a  significant  effect  on  task  time  (F_  =  20  68;  df_  =  2,  136; 

£  01)  As  shown  in  Table  5  the  lowest  level  of  complexity  had  the  fastest 

task  times  while  intermediate  levels  of  complexity  had  the  longest  task  times. 
The  most  complex  figures  had  latency  scores  between  the  lowest  and  intermediate 
levels  of  complexity  No  other  variables  or  their  interactions  were  significant 
A  summary  of  the  analysis  of  variance  is  shown  in  Table  5. 


Insert.  Table  5  about  here 
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Post  hoc  tests  on  the  transformed  data  using  Tukey's  HSD  procedure 
(Kirk,  1969,  p  306)  showed  that  for  both  inspection  and  reor ientati on  test 
phases  the  only  significant  effects  for  the  latency  data  were  those  between 
3-sided  and  4-sided  figures  and  between  3-sided  and  5-sided  figures.  (MS 
error/ inspection  t:  005085;  HSD  (df  =  3,  136)  -  0199;  jd  01 ;  MS  error 

test  *  004492;  HSD  (df  -  3,  136)  -  0187;  <  01)  Thus  for  both  the 

inspection  and  test  phases  4-sided  figures  were  not  significantly  different 
from  5-sided  figures  using  latency  as  the  measure  of  performance 

Di  scussion 

The  results  seem  quite  clear  with  respect  to  the  orientation 
ability  of  blind  children  The  accuracy  of  performance  was  a  linear 
function  of  experience  (grade  level).  Even  at  the  earliest  grade  level 
sampled  (grade  two)  the  Ss  showed  above  chance  performance  indicating  that 
they  had  some  knowledge  and  ability  to  utilize  a  frame  of  reference  and 
thus  were  able  to  reorient  the  tactual  figures 

However,  from  a  qualitative  standpoint  their  overall  performance 
was  poor  Even  at  the  eighth  grade  level,  the  Ss  were  averaging  30+  degrees 
of  error  with  a  SD  of  16-*-  degrees  The  obvious  conclusion  is  that  blind  Ss 
do  have  the  concept  of  the  orientation  of  a  tactual  figure  in  space,  but 
their  performance  is  poor  Since  performance  improved  steadily  over  grade 
levels,  it  would  appear  that  performance  could  be  improved  considerably 
with  training 

The  performance  of  the  task  by  the  Ss  could  be  characterized  as 
one  in  which  at  least  one  distinctive  feature  of  the  stimulus  is  located 
during  the  inspection  phase  and  coded  in  relation  to  a  frame  of  reference 
Then,  during  the  test  phase  the  figure  is  explored  in  an  attempt  to  relocate 
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the  distinctive  feature  and  this  distinctive  feature  is  used  to  rotate 
the  figure  back  to  its  original  posit’on  with  respect  to  the  frame  of 
reference  This  characterization  suggests  why  the  complexity  of  the 
stimulus  figure  had  no  effect  on  the  accuracy  of  reorientation  If  it 
is  assumed  that  there  is  an  increase  in  the  number  of  distinctive  features 
as  the  complexity  (as  defined  here)  of  the  stimulus  increases,  then  the 
S' s  task  is  merely  to  choose  one  distinctive  feature  (one  corner  or  one 
side)  with  which  to  determine  the  figure's  absolute  orientation  During 
the  test  phase  the  only  needed  to  find  this  distinctive  feature  ignoring 
all  of  the  others,  and  reorient  the  figure  using  only  the  one  distinctive 
feature  Thus,  as  long  as  a  stimulus  has  one  unique  feature  the  task  can 
be  performed  with  the  same  level  of  accuracy  regardless  of  the  total  number 
of  distinctive  features. 

However,  complexity  did  have  an  effect  on  performance  in  terms  of 
task  time  It  took  longer  to  inspect  and  reorient  4-  and  5-sided  figures 
than  3-sided  figures  If  task  time  is  viewed  as  a  measure  of  information 
gaining  rather  than  information  processing,  then  increasing  the  complexity 
(sides  and  angles)  results  in  a  more  difficult  search  task  in  terms  of 
increasing  the  time  needed  to  choose  and  then  relocate  a  distinctive  feature 
for  the  reonentation  phase 

Observations  of  the  Ss  performing  the  task  suggested  that  many  of 
the  Ss,  during  the  reorientation  phase,  would  rotate  the  figure  several 
times  seemingly  searching  for  a  distinctive  feature  In  addition,  some 
of  the  older  Ss  attempted  to  curve  or  rotate  their  hands  about  the  stimulus 
seemingly  trying  to  get  a  different  view  or  perspective  of  the  stimulus. 
These  behaviors  suggest  the  possibility  that  part  of  the  difficulty  in 
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identifying  a  tactual  figure  on  the  basis  ot  its  absolute  orientation  may 
be  due  to  the  tact  that  when  a  tactual  figure  is  rotated  the  S  does  not 
perceive  one  or  more  distinctive  features  as  being  identical  to  the  dis¬ 
tinctive  features  of  the  same  stimulus  presented  in  a  different  orientation. 
Thus  in  the  study  by  Pick,  Klein,  and  Pick  (1966)  it  was  found  that  neither 
blind  nor  sighted  Ss  made  consistent  tactual  judgments  of  a  figure's 
orientation  in  a  two-choice  identification  task. 

Possibly  a  more  sensitive  task  would  be  to  give  the  Ss  several 
minutes  of  inspection  and  exploration  with  the  figures  in  different  orienta¬ 
tions  and  then  test  to  determine  whether  there  is  consistency  across  Ss  in 
choosing  a  figures  "correct"  orientation  This  would  maximize  their  chances 
of  perceiving  the  distinctive  features  of  the  stimulus  from  different 
orientations  and  insure  that  they  realize  that  the  shape  is  being  rotated 
rather  than  being  told  that  one  shape  is  turned  around  from  its  comparison 
pair. 

The  data  clearly  show  that  blind  children  are  able  to  orient 
figures  in  space  even  as  low  as  grade  two  and  that  this  performance  is  a 
direct  function  of  experience  (grade  level)  Thus  it  would  appear  that 
information  about  a  figures  orientation  can  be  used  in  tactual  perception 
performance  It  appears  important  to  determine  whether  performance  could 
be  improved  with  training  over  longer  delays  and  whether  blind  Ss ,  with 
training,  could  learn  to  identify  tactual  patterns  on  the  basis  of  their 
absolute  orientation.  This  would  greatly  facilitate  performance  on  a  wide 
vanety  of  tasks  with  tactual  symbols 
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Table  1 

Mean  Level  of  Error  (In  Degrees)  as  a  Function 
of  Grade  Level  for  Experimental  and  Control  Conditions 


Grade  Level 

2 

4 

6 

8 

X 

58-37 

46.73 

40-09 

30  49 

Experimental 

SD 

16.85 

15.38 

16  86 

16.42 

n_ 

18 

18 

18 

18 

X 

76-21 

88-36 

84  84 

83.51 

Control  SID 

14  85 

18.36 

16-84 

18.94 

n_ 

18 

18 

18 

18 

X 

90.00 

90-00 

90  00 

90-00 

Theoretical  SD 

_ 

_ 

_ 

_ 

n 
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Table  2 

Analysis  of  Variance  for  Degrees  of  Error 
in  the  Experimental  Condition 


Source 

df 

SS 

MS 

F 

Total 

647 

668323.54 

Between  Subjects 

71 

231038.87 

Grades 

3 

66663-51 

22221 .17 

9.19* 

Error 

68 

164375-36 

2417  28 

Within  Subjects 

576 

437284.67 

Complexity 

2 

3484.56 

1742  28 

2-30 

Grade  X  Complexity 

6 

4121.16 

686.86 

<1 

Error 

136 

103155  96 

758-49 

Orientation 

2 

4281  .89 

2140  95 

2-37 

Grade  X  Orientation 

6 

3712.51 

618  75 

<1 

Error 

136 

122702.90 

902-23 

Complexity  X  Orientation 

4 

2174-12 

543-53 

<1 

Grade  X  Complexity  X  Orientation 

12 

238038 

198.36 

<1 

Error 

272 

191271.16 

703-20 

*  p<  ,01 
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Table  3 

Mean  Task  Times  (In  Seconds)  as  a  Function  of  Stimulus  Complexity 


tor  the  Experimental 

Condition  during 

Inspection  and 

Test  Phases 

Complexi ty 

(Sides ) 

3 

4 

5 

X 

5,83 

6.86 

7,46 

Inspection 

SD 

2  74 

3  27 

3.65 

X 

6-45 

8-26 

7.99 

Test 


SD 


2  69 


3  63 


3.85 
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Table  4 

Analysis  of  Variance  of  Mean  Task  Time  for  Inspection 
Phase  Using  a  Reciprocal  Transformation 


Source 

df 

SS 

MS 

F 

Total 

647 

5.200049 

Between  Subjects 

71 

3  519599 

Grades 

3 

129601 

043200 

<1  1 

Error 

68 

3  389997 

-049853 

Within  Subjects 

576 

1 -680450 

Complexity 

2 

■203217 

101608 

19.98* 

Grade  X  Complexity 

6 

.019547 

■003258 

<  1 

Error 

136 

.691555 

005085 

Orientation 

2 

-004687 

■002343 

1 .41 

Grade  X  Orientation 

6 

■005642 

-000940 

<1 

Error 

136 

.226718 

001667 

Complexity  X  Orientation 

4 

005880 

001470 

<1 

Grade  X  Complexity  X  Orientation 

12 

.018073 

001506 

<1 

Error 

272 

505129 

001857 

*  £<  01 
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Table  5 

Analysis  of  Variance  of  Mean  Task  Time  for  Reo' lentation 
Test  Phase  Using  a  Reciprocal  Transformation 


Source 

df 

SS 

MS 

F 

Tota  1 

647 

3  386165 

Between  Subjects 

71 

1.724638 

Grades 

3 

■102143 

034048 

1  43 

Error 

68 

1  -622495 

023860 

Within  Subjects 

576 

1  661526 

Complexity 

2 

185808 

092904 

20  68* 

Grades  X  Complexity 

6 

,006566 

001094 

41 

Error 

136 

-.610855 

004492 

Orientation 

2 

.006967 

-003483 

1  -83 

Grade  X  Orientation 

6 

011042 

001840 

<  1 

Error 

136 

258380 

001899 

Complexity  X  Orientation 

4 

-005225 

001306 

<1 

Grade  X  Complexity  X  Orientation 

12 

-025478 

002123 

1  05 

Error 

272 

551204 

-002026 

<  1 

* 
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Figure  Captions 

Fig.  1  Matrices  used  to  construct  stimulus  figures  at 
three  different  levels  of  complexity  with  an  example  figure  from  each 
level 


Fig  2  A  schematic  representation  of  the  apparatus. 
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